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SUMMARY OF THE INVENTION 

The process of the present invention is directed to a cleaning process, 
comprising the use of a volatile cyclic, linear or branched siloxane in the 
vapor phase for the cleaning of articles. 

Further, the present invention provides for a process for cleaning soiled 
articles of manufacture comprising: 

a) contacting the soiled article of manufacture with a vapor phase silicone 
compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
article of manufacture to condense to the liquid phase becoming thereby a 
condensed silicone liquid; and 

c) draining the condensed silicone liquid away from the article of . 
manufacture whereby the soiled article of manufacture is cleaned. 

In another embodiment the present invention provides for a process for 
cleaning soiled garments comprising: 

a) contacting the soiled garment with a vapor phase silicone compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
garment to condense to the liquid phase becoming thereby a condensed 
silicone liquid; and 

c) draining the condensed silicone liquid away from the garment whereby 
the soiled garment is cleaned. 
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and Q is SiC>4/2 

R 1 , R 2 , R 3 and R 4 are each independently a monovalent hydrocarbon radical 
having from one to forty carbon atOms; and 

x and y are each integers, wherein 0 < x < 10 and 0 < y £ 10 and 0 < z < 10. 

5 Suitable monovalent hydrocarbon groups include linear hydrocarbon 

radicals, branched hydrocarbon radicals, monovalent alicyclic hydrocarbon 
radicals, monovalent and aromatic or fluoro containing hydrocarbon radicals. 
Preferred monovalent hydrocarbon radicals are monovalent alkyl radicals, 
monovalent aryl radicals and monovalent aralkyl radicals. 

10 As used herein, the term "(Ci-C 6 )alkyl" means a linear or branched 

alkyl group containing from 1 to 6 carbons per group, such as, for example, 
methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, 
pentyl, hexyl, preferably methyl. 

As used herein, the term "aryl" means a monovalent unsaturated 
15 hydrocarbon ring system containing one or more aromatic or fluoro 

containing rings per group, which may optionally be substituted on the one 
or more aromatic or fluoro containing rings, preferably with one or more (Ci- 
Cejalkyl groups and which, in the case of two or more rings, may be fused 
rings, including, for example, phenyl, 2,4,6-trimethylphenyl, 2- 
20 isopropylmethylphenyl, 1 -penta Jenyl, naphthyl, anthryl, preferably phenyl. 

As used herein, the term "aralkyl" means an aryl derivative of an alkyl 
group, preferably a (C2-C6)alkyl group, wherein the alkyl portion of the aryl 
derivative may, optionally, be interrupted by an oxygen atom, such as, for 
example, phenylethyl, phenylpropyl, 2-(l-naphthyl)ethyl, preferably 
25 phenylpropyl, phenyoxypropyl, biphenyloxypropyl. 
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ranging from 0.01 to 760 mm Hg at a temperature ranging from about 10 °C 
to about 300 °C 

In another embodiment, the cyclic siloxane comprises one or more 
compounds of the structural formula (II): 



r r 

1 (Si 0) a (Si 0)b 



R6 



R8 



wherein: 

R 5 , R 6 , R 7 and R 8 are each independently a monovalent hydrocarbon group 
having from one to forty carbon atoms; and 

a and b are each integers wherein 0 < a < 10 and 0 < b < 10, provided that 3 < 
10 (a + b) < 10. 

In yet another embodiment, the cyclic siloxane comprises one or more 
of, octamethylcyclotetrasiloxane, decamethylcyclopenta siloxane, 
dodecamethylcyclohexasiloxane, tetradecamethylcycloheptasiloxane. In a 
more highly preferred embodiment, the cyclic siloxane of the present 
15 invention comprises octamethylcyclotetrasiloxane or 

decamethylcyclopentasiloxane. In yet another embodiment, the cyclic 
siloxane component of the composition of the present invention consists 
essentially of decamethylcyclopentasiloxane. 

Suitable cyclic siloxanes are made by known methods, such as, for 
20 example, hydrolysis and condensation of alkylhalosilanes, e.g. 
dirnethyldichlorosilane, and are commercially available. 



6 



WO 02/077356 



PCT/US02/04620 



the process of the present invention is performed at a pressure that is varied 
among the steps of the process, e.g. initially contacting the garment to be 
cleaned with a vapor at a pressure below atmospheric followed by raising the 
pressure to atmospheric pressure to condense the vapor in the garment and 
allow the cleaning fluids to drain away from the garment. 

Alternatively, the articles remain in the cleaning vessel and the silicone 
or silicone containing solvent is removed by various means and the articles 
are dried in the cleaning vessel as is commonly seen in typical dry cleaning 
machines. 

An article, such as for example, a textile or leather article, typically, a 
garment, is cleaned by contacting the article with the vapors of the 
composition of the present invention. In a preferred embodiment, the articles 
to be cleaned include textiles made from natural fibers, such as for example, 
cotton, wool, linen and hemp, from synthetic fibers, such as, for example, 
polyester fibers, polyamide fibers, polypropylene fibers and elastomeric 
fibers, from blends of natural and synthetic fibers, from natural or synthetic 
leather or natural or synthetic fur. 

The article and dry cleaning composition are then separated, by, for 
example, one or more of draining and centrifugation. In a preferred 
embodiment, separation of the article and dry cleaning composition is 
followed by the application of heat, preferably, heating to a temperature of 
from 15°C to 120°C, preferably from 20°C to 100°C, or reduced pressure, 
preferably, a pressure of from 1 mm Hg to 750 mm Hg, or by application of 
both heat and reduced pressure, to the article. 

Testing for oil soluble stain removal was accomplished using a blue 
50/50 cotton/poly cloth and a red satin fabric. The approximately 2 inch 
square samples were stained with motor oil, suspended by wires in a large 
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was reduced to 1-2 mm Hg and the temperature of the solvent reservoir was 
raised to 70-80 °C. The vapors were allowed to contact the stained fabrics for 5 
minutes. After this time, the heat was removed, the vessel cooled and the 
samples removed and air dried and evaluated. All traces of the oil were 
removed from both fabrics. No extraction of the red dye from the satin fabric 
was observed. 

Example 3 - Reduced Pressure, linear solvent 

Samples of red satin and blue cotton/ poly fabrics were treated with 
motor oil which was allowed to stain for 18 hours then attached to a wire 
holder and suspended above a reservoir of MD2M. The pressure in the 
system was reduced to 1-2 mm Hg and the temperature of the solvent 
reservoir was raised to 70-80 °C. The vapors were allowed to contact the 
stained fabrics for 5 minutes. After this time, the heat was removed, the vessel 
cooled and the samples removed and air dried and evaluated. All traces of the 
oil were removed from both fabrics. No extraction of the red dye from the 
satin fabric was observed. 
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3. The process of claim 1 wherein the silicone compound has the formula: 



r r 

1 (Si 0) a (Si 0)b 1 

II 

R6 R8 

wherein: 

R 5 , R 6 , R 7 and R 8 are each independently a monovalent hydrocarbon group 
5 having from one to forty carbon atoms; and 

a and b are each integers wherein 0 < a < 10 and 0 < b £ 10, provided that 3 £ 
(a + b)*10. 

4. The process of claim 2 wherein each of the steps a), b) and c) are 
independently conducted at a temperature ranging from about 10 °C to about 

10 300 °C 

5. The process of claim 3 wherein each of the steps a), b) and c) are 
independently conducted at a temperature ranging from about 10 °C to about 
300 °C 

6. The process of claim 4 wherein each of the steps a), b) and c) are 

15 independently conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 

7. The process of claim 5 wherein each of the steps a), b) and c) are 
independendy conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 
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12, The process of claim 11 wherein the silicone compound has the 
formula: 

M2+y+2zDxTyQ 2 

wherein: 
5 M is RhSiOi/S 
D is R2R3Si0 2 /2; 
T is R 4 Si03/2; 
and Q is Si04/2 

R 1 , R 2 , R 3 and R 4 are each independently a monovalent hydrocarbon radical 
I o having from one to forty carbon atOms; and x and y are each integers, 
wherein 0 < x < 10 and 0 < y < 10 and 0 £ z < 10. 

13. The process of claim 11 wherein the silicone compound has the 
formula: 



1 (Si 0) a 

i 

R6 

15 wherein: 

R5, R«, R 7 and R 8 are each independently a monovalent hydrocarbon group 
having from one to forty carbon atoms; and 

a and b are each integers wherein 0 < a < 10 and 0 < b < 10, provided that 3 < 
(a + b)Sl0. 
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